ABSTRACT. The release of plasma-membrane-bound enzymes by phosphatidylinositol-specific phospholipase C obtained from Bacillus thuringiensis was investigated. Among the ectoenzymes of plasma membrane tested, alkaline phosphodiesterase I was released markedly from rat kidney cortex slices, in addition to alkaline phosphatase and 5'-nucleotidase. Other membrane-bound enzymes; alanine aminopeptidase, leucine aminopeptidase, dipeptidyl peptidase, leucine aminopeptidase, dipeptidyl peptidase IV, esterase and y-glutamyl transpeptidase could not be liberated from the treated slices.
Since Macfarlane and Knight (42) first identified the a-toxin of Clostridium perfringens as phospholipase C, phosphatidylcholine-hydrolyzing phospholipase C has been found in many bacteria; Clostridium sp., Bacillus sp., Pseudomonas sp., Serratia sp., Acinetobacter sp., and Streptomyces sp., (12, 18, 32, 34, 46, 48, 71) . The enzymes from Cl. perfringens (66) , Cl. novyi (62) , B. cereus (72) , Ps. schuylkilliensis (4), Ps. aureofaciens (57), A. calcoaceticus (35) and Str. hachijoensis (48) have been completely or partially purified and studied in detail. The enzymes from Cl. perfringens (66) , Cl. novyi, Ps. aureofaciens (63) and A. calcoaceticus (34) have been reported to induce the hemolysis of sheep, horse and human erythrocytes by hydrolyzing the phospholipids in red cell membranes.
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In contrast, a phosphatidylinositol-specific phospholipase C which transforms phosphatidylinositol into diacylglycerols and myoinositol monophosphate has been found in toxic preparations from Staphylococcus aureus (11) . Slein and Logan (56) were the first to suggest that phosphatidylinositol-specific phospholipase C is present in the culture filtrate of B. cereus as well as phosphatidylcholine-hydrolyzing phospholipase C and sphingomyelinase, and that this enzyme activity is associated with the so-called phosphatasemia factor that releases alkaline phosphatase from rabbit tissues. In 1976, Ikezawa and his colleagues reconfirmed that alkaline phosphatase is released from rat kidney slices by the action of the purified phosphatidylinositolspecific phospholipase C of Bacillus cereus (28) . Since then, the phosphatidylinositolspecific phospholipases C of varied bacterial origin have been shown to release the ectoenzymes such as alkaline phosphatase, 5'-nucleotidase and acetylcholinesterase from plasma membrane of mammalian cells (26, 27, 38, 39, 40, 41, 47, 54, 61, 64) . Data obtained so far suggest that phosphatidylinositol functions in the attachment of these enzymes to the plasma membrane.
In addition to the ectoenzymes mentioned above, alkaline phosphodiesterase I (EC 3.1.4.1.) (33, 67) , aminopeptidases (EC 3.4.11.-) (2, 15) , dipeptidyl peptidase IV (EC 3.4.14.5) (21, 30) , esterase (EC 3.1.1.3) (3, 33) and y-glutamyl transpeptidase (EC 2.3.2.2) (31), have been shown to be localized in the plasma membrane of mammalian cells. Only the effects of phosphatidylinositol-specific phospholipase C on alkaline phosphodiesterase I and leucine aminopeptidase have been reported (40). We therefore made a detailed investigation of the possibility of the release of several ectoenzymes from rat kidney slices by the action of purified phosphatidylinositolspecific phospholipase C of B. thuringiensis. We found that a large amount of alkaline phosphodiesterase I is released. The activity of the enzyme against three phosphodiesters is shown in Table 3 . p-Nitrophenyl-thymidine 5'-monophosphate was the best substrate of the compounds tested, and the Km value was calculated to be 0.3 mM from a Lineweaver and Burk plot (37) . The hydrolysis of p-nitrophenyl-thymidine 3'-monophosphate, a typical substrate of phosphodiesterase II (50, 51), was less than 5 % that of the 5'-isomer. Bis(p-nitrophenyl)phosphate, a substrate for non-specific phosphodiesterase, was hydrolyzed more slowly than p-nitrophenyl-thymidine 5'-monophosphate.
With p-nitrophenyl-thymidine 5'-monophosphate as the substrate, the activation energy of alkaline phosphodiesterase I was calculated to be 11 kcal/mol from an Arrhenius plot that had no breakpoint.
Various compounds were examined for their effects on enzyme activity. First, the effects of metal ions and EDTA on the activity of alkaline phosphodiesterase I were investigated. Results are summarized in Table 4 . Of the metal ions studied, Zn2+ was the most potent inhibitor, also Mn2+ and Hg2+ being inhibitory at 1 mM. The alkaline phosphodiesterase I from mouse and rat livers has been reported to be activated by Ca2+ and Mg2+, but to be strongly inhibited by EDTA (9, 10, 19, 20) . Mg2+ and Ca2+ (Table  4) . Moreover, 1 mM EDTA inhibited its activity completely. Effects of the concentrations of metal ions or EDTA on the enzyme activity are shown in Fig. 6 . Enzyme activation reached a maximum at 1-2 mM Mg2+ and Ca2±. The Km value 
DISCUSSION
Stein and Logan (56) demonstrated the presence of three different phospholipases C in a culture filtrate of Bacillus cereus; the so-called phospholipase C which hydrolyzes phosphatidylcholine and phosphatidylethanolamine, sphingomyelinase C and phosphatidylinositol-specific phospholipase C. They suggested that the last enzyme is associated with a phosphatasemia factor that liberates alkaline phosphatase from animal tissues and cell homogenates. Phosphatidylinositol-specific phospholipase C was purified first from a culture filtrate of B. cereus by Ikezawa and his colleagues (28) and recently from culture filtrates of B. thuringiensis IAM 11607 and IAM 12077 (61, 26) to a homogeneous state. In previous reports (28, 47, 64) , we confirmed that the phosphatidylinositol-specific phospholipase C of B. cereus is responsible for the release of alkaline phosphatase from rat kidney slices and for the increase in phosphatase activity in the blood stream (56). Through in vivo and immunochemical studies (47), we ultimately demonstrated that the phosphatidylinositol-hydrolyzing and phosphatase-releasing activities are identical. Neither phosphatidylcholine-hydrolyzing phospholipase C (28, 47) nor sphingomyelinase C (25) contribute to phosphatase release. Therefore, as a result of the enzymatic hydrolysis The sulfohydrolytic activity that degrades active sulfate (3'-phosphoadenosine 5'-phosphosulfate) and its biosynthetic precursor, adenosine 5'-phosphosulfate, is widely distributed in various tissues (5, 60) . Also, 3'-phosphoadenosine 5'-phosphosulfate-and adenosine 5'-phosphosulfate-sulfohydrolases obtained from rat liver and human placenta, have been reported to cleave the pyrophosphate linkages of DNA and various sugar nucleotides as well as the phosphodiester linkage of p-nitrophenylthymidine 5'-monophosphate (22, 70) . Therefore, we studied the effect of adenosine 5'-phosphosulfate on the hydrolysis of p-nitrophenyl-thymidine 5'-monophosphate by alkaline phosphodiesterase I. Adenosine 5'-phosphosulfate was a potent inhibitor (Table 5) , which suggests that the activity towards both substrates tested are produced by the same enzyme.
